Context: Rising drug costs have increased focus on how new pharmaceuticals diffuse into the marketplace. The case of gabapentin use in bipolar disorder provides an opportunity to study the roles of marketing, clinical evidence, and prior authorization (PA) policy on off-label medication use. Design: Observational study using Medicaid administrative and Verispan marketing data. We examined the association between marketing, clinical trials, and prior authorization on gabapentin use. Setting and Patients: Florida Medicaid, bipolar disorder -diagnosed enrollees ages 18 to 64 for fiscal years 1994 to 2004. Results: Gabapentin prescriptions increased from 8/1000 enrollees per quarter in 1994 to a peak of 387/1000 enrollees in 2002. Its uptake tracked marketing efforts towards psychiatrists. The publication of 2 negative clinical trials in 2000 and the discontinuation of marketing expenditures towards psychiatrists were associated with an end to the steep rise in gabapentin prescriptions. After these events gabapentin use remained between 319/1000 and 387/1000 enrollees per quarter until the PA policy, which was associated with a 45% decrease in prescriptions filled. After 1 year, scientific evidence and marketing discontinuation were associated with a 5.4 percentage point decrease in the predicted probability of filling a gabapentin prescription and the PA policy, a 7.1 percentage point decrease. Conclusions: Pharmaceutical marketing can influence off-label medication prescribing, particularly when pharmacologic options are limited. Evidence of inefficacy and/or the cessation of pharmaceutical marketing, and a restrictive formulary policy can alter prescriber behavior away from targeted pharmacologic treatments. These results suggest that both information and policy are important means in altering physician prescribing behavior.
I ncreasing costs for prescription drugs over the past decade 1, 2 have spurred interest in examining how new pharmaceuticals are incorporated into medical practice. Information about new drugs and payment policy can affect the uptake (and abandonment) of pharmaceutical products. 3 Prescribing clinicians learn about new drugs from multiple sources including pharmaceutical manufacturers, scientific literature, peers, and the Food and Drug Administration (FDA). Organizations interested in the efficiency of care delivery, such as pharmacy benefit managers and other payers, implement policies such as prior authorization policies or copayments favoring generics or preferred drugs to promote cost-effective treatment. 4 -9 The use of gabapentin in bipolar disorder (BPD) treatment provides an informative case of off-label uptake and abandonment of a new medication. Gabapentin was patented by Warner-Lambert in 1977 and FDA-approved in December 1993 for the adjunctive treatment of epilepsy and in 2002 for postherpetic neuralgia (see Appendix 1 for timeline). A lawsuit unsealed in 1999 showed that gabapentin's maker Warner-Lambert and its marketing division Parke-Davis promoted gabapentin heavily for multiple off-label indications. 10 As a result, studies estimate that 83% to 95% of gabapentin use was off-label and aimed towards indications such as pain, BPD, restless leg syndrome, and anxiety. [11] [12] [13] Pfizer acquired Warner-Lambert in 2000, and in 2004 settled a $430 million false claims suit for Parke-Davis's promotion of gabapentin for off-label indications. After the settlement, several state Medicaid programs, including Florida, 14, 15 implemented prior authorization policies restricting gabapentin use to only FDA-approved indications.
Off-label use of medications is common in medicine and can be clinically appropriate. Estimates suggest 21% of medication use is off-label. 13 Clinical research often supports the efficacy of pharmaceutical treatment for off-label indications. While a drug is still under patent, a manufacturer can seek additional FDA indications in such circumstances. In the case of gabapentin, evidence for the use of gabapentin for neuropathic pain syndromes supported off-label use. 16 -18 Gabapentin use in BPD is especially instructive because of 2 factors: the aggressive marketing tactics aimed at off-label gabapentin use that promoted its use for BPD and the emergence of clear evidence that gabapentin was not effective in treating BPD. Prior to this evidence, Warner-Lambert actively disseminated information promoting the use of gabapentin for BPD through Continuing Medical Educa-tion programs, dinners, and journal articles based on openlabel trials and case studies 10, 19 which resulted in significant use of gabapentin for BPD. In 2000, 2 randomized, placebocontrolled trials showed no advantage for gabapentin over placebo in any stage of BPD. 20, 21 In fact, one study showed gabapentin to be inferior to placebo in the treatment of bipolar mania. 20 The clear evidence that emerged regarding the lack of efficacy for gabapentin in treating BPD distinguishes it from other medications used off-label for BPD.
This case study investigates the effects of marketing, research, and the PA policy on the uptake and abandonment of gabapentin in BPD. In particular, we examine the level of marketing towards psychiatrists and adoption of gabapentin in a bipolar cohort in the absence of scientific evidence. We then test the effects of 2 events, the publication of scientific evidence and the implementation of the PA policy, on both the trend and immediate use of gabapentin in a bipolar cohort.
METHODS

Overview
We use 2 approaches to examine gabapentin use over time for BPD. First, we present descriptive data showing the volume of gabapentin prescriptions and national estimates of promotional spending towards psychiatrists. Second, we apply a statistical model of product diffusion based on logistic regression to estimate the relationship between receiving gabapentin and measures of promotional activity, new research findings, and Florida's PA policy.
Data Sources
We used administrative data from Florida's Medicaid program for fiscal years 1994 to 2004. During this time, Florida's Medicaid program was primarily fee-for-service, had enrollment ranging from 2.1 to 2.9 million people, and was the fourth largest in the United States. 22 We used Verispan data for fiscal years 1994 to 2004 to estimate promotional activity for gabapentin directed towards psychiatrists. These data combine 2 surveys, the detailing audit and the physician meeting and event audit, to provide estimates of national, quarterly, marketing data encompassing detailing, physician meetings, and firm-sponsored events (eg, teleconferences, symposia, dinners, etc.). The detailing survey asks a panel of physicians to report on detailing they received and assigns monetary amounts to each product included in a detailing call. The physician meeting and event audit surveys physicians to report all firm-sponsored events and assigns monetary amounts to different types of events. Verispan data has been used by industry to estimate product promotion as well as other research studies. 23
Bipolar Cohort
The Medicaid data included enrollees' age, gender, race/ethnicity, eligibility category, clinical diagnoses, and pharmaceutical utilization. Mental health cohorts derived from claims data have demonstrated validity with positive predictive values of 95%. 24, 25 We employed similar, but more stringent, criteria that has been used in other studies. 26 -33 Our bipolar cohort included enrollees if they were between the ages of 18 to 64 and had 2 service claims for BPD on different dates (including ICD9-CM codes 296.0, 296.1, 296.4 -296.89, 301.11, 301.13). To minimize false positives but include persons more difficult to engage in treatment, enrollees with only one bipolar claim were included if it represented either an inpatient discharge diagnosis or an outpatient visit that accounted for at least 50% of mental health visits. As this study focuses on medications for BPD, we required at least one BPD claim be submitted by a psychiatrist because of their greater expertise in diagnosing and medicating BPD. Individuals were excluded if they had claims for schizophrenia within one year of a bipolar diagnosis. We excluded enrollees in Medicaid eligibility categories for which we had incomplete pharmaceutical claims data: ie, enrollees in an HMO or Medicare partial dual eligible's (the QMB/SLMB's) which represent around 2% to 3% of Florida Medicaid beneficiaries. 34 The number of enrollees with BPD per quarter ranged from 6015 in the fourth quarter of 1995 to 12,591 in the third quarter of 2002.
Outcome Variables and Independent Variables
Our outcome variable was gabapentin use, defined as whether or not an individual with BPD filled a gabapentin prescription in a given quarter.
Our main explanatory variables were 3 factors hypothesized to affect product diffusion: (1) promotional spending, (2) the publication of scientific evidence regarding gabapentin's efficacy in BPD, and (3) the implementation of the PA policy. Quarterly, promotional activity was lagged one quarter and measured in millions of dollars. We included promotional activity directed towards psychiatrists and not other physicians for 2 reasons. First, promotional activity for the treatment of BPD would be aimed at psychiatrists. Second, all promotional activity for gabapentin aimed at psychiatrists would be for off-label indications because there were no psychiatric indications approved by the FDA or backed by randomized clinical trials. The Verispan data showed that the percentage of promotional spending aimed towards psychiatrists varied over time from 0% to 55%. The 2 studies demonstrating gabapentin's lack of efficacy for BPD were published in September and December 2000. We used a dichotomous indicator that took on a value of one after the second publication (ie, the first quarter 2001) to represent the time period when trial results were publicly available. Florida's Medicaid program implemented its PA policy on July 1, 2004. The PA policy required prior authorization for gabapentin prescriptions for indications other than seizures, diabetic neuropathy, postherpetic neuropathy, or ALS. A dichotomous variable representing the PA policy took the value of one from the third quarter 2004.
The statistical model also included the following, individual covariates: age, sex, race, geographic region of the state, receipt of SSI, Medicare enrollment, comorbid conditions associated with gabapentin use, and mental health specialty treatment. Comorbid conditions included epilepsy, pain (including neuropathic pain), anxiety, and substance use. An individual was considered to have a comorbid condition by the presence of 2 or more related ICD9-CM codes at different times over study period. A mental health prescriber was considered present when an enrollee had a psychiatric hospitalization or an outpatient claim from a psychiatrist in the current or previous quarter.
Statistical Analysis
Our quarterly, descriptive analysis includes the unadjusted, aggregate number of gabapentin prescription fills and the amount spent on marketing towards psychiatrists from July 1994 through June 2005 as well as the publication of the randomized control trials and the implementation of the Medicaid PA policy.
To quantify the impact of product promotion, scientific evidence, and the PA policy on gabapentin's diffusion over time in Florida, we fit a logistic regression model. Since we examine repeated observations of the same enrollees, we use a generalized estimating equation approach with non-Gaussian data and an exchangeable correlation structure to account for individual clustering. 35 This approach is robust to misclassification of correlation. We chose a logistic regression over an aggregate time-series regression to adjust for individual, case-mix variations over time. We fit the following model to examine marketing as well as the effects of the 2 events on trend and the probability of immediate use.
Where t represents time and takes on values from 1 to 44, indicating the number of quarters since the beginning of the study; RCT is a dichotomous variable indicating the publication of scientific evidence; t 1 equals 0 for the quarters prior to the publications and takes on values 1 to 17 indicating the number of quarters since publication; PA is an dichotomous variable marking the implementation of the PA policy, t 2 takes the value of 0 for the quarters prior to the PA policy and then 1 to 4 indicating the number of quarters since the start of the PA policy; marketing is a quarter-lagged variable; and X represents the individual covariates described above. ␤ 1 represents the time trend prior to the publication of scientific evidence. ␤ 2 and ␤ 4 represent the immediate effects of the scientific publications and PA policy, respectively, on the probability of receiving gabapentin. ␤ 3 and ␤ 5 represent the change in time trend after the 2 events. The sum of ␤ 1 and ␤ 3 represent the time trend after the publications and the sum of ␤ 1, ␤ 3, and ␤ 5 represents the time trend after the PA policy. Because we use 2 lagged, independent variables (marketing and mental health prescriber), the first of the 44 quarters is dropped from the estimation.
We use the model estimates to calculate a variable's impact on predicted probability of receiving gabapentin. We estimate the immediate effects as the difference between the predicted probability if the event (ie, scientific evidence, PA policy) were not to happen and the impact of the regression with ␤ 2 and ␤ 4 turned on and ␤ 3 and ␤ 5 turned off. To describe the dynamic effect of the change in time trend, we show the difference in slope and probability that would occur in one year if no event occurred and the event only impacted the slope (ie, ␤ 2 and ␤ 4 are equal to zero).
RESULTS
We analyzed a Florida, Medicaid cohort consisting of 23,831 individuals with BPD and 427,694 person-quarters ( Table 1 ). The cohort was predominantly female with high rates of co-occurring disorders such as substance use, anxiety, and pain.
Trends in Use and Marketing
Quarterly estimates of gabapentin prescription fills in Florida ranged from a minimum of 8/1000 enrollees in the first quarter to a maximum of 387/1000 enrollees in the third quarter of 2002 ( Fig. 1) . Quarterly national spending on marketing to psychiatrists ranged from zero during the end of 2001 and 2003 to a high of $2,622,000 during the second quarter of 2000. The dramatic growth in gabapentin use to treat BPD between 1997 and 2000 closely tracked spending on marketing to psychiatrists. The publications of the randomized control trials corresponded to a sharp decline in the rate of growth in use of gabapentin and a dramatic decrease in marketing to psychiatrists. After 2 quarters, promotional activity towards psychiatrists fell from $1,442,000/quarter to $37,000/quarter (a 97.5% decrease) and remained relatively low until the end of the study period. After the publications of the randomized control trials, the use of gabapentin remained relatively constant ranging from 319/1000 enrollees to 387/ 1000 enrollees until the implementation of the PA policy. The PA policy was associated with an immediate 45% decrease in the number of gabapentin prescriptions from 362/1000 en- rollees to 199/1000 enrollees. After the PA policy, the number of gabapentin prescriptions hovered from 175/1000 enrollees to 215/1000 enrollees.
Regression Results: Estimation of Impact
The regression analysis confirms that all 3 variables of interest-marketing, scientific literature, and PA policyhad statistically significant affects on the probability of gabapentin use in Florida ( Table 2 ). Marketing expenditures were positively associated with gabapentin use; publication of inefficacy evidence and the PA policy were associated with declines in gabapentin prescribing. The publication of scientific evidence had the combined effect of decreasing the predicted probability of receiving gabapentin by 5.4% at one year from 17.1% to 11.7% ( Table 2 ). As might have been expected, the publications of these trials had a stronger effect on the time trend of use than on the immediate impact, which showed a slight increase at the time of the publication ( Table  3 ). The combined effect of the PA policy after one year was to decrease the predicted probability of receiving gabapentin by 7.1% ( Table 2 ). In contrast to the publications, the PA policy had a strong immediate impact and a smaller impact on the time trend (Table 3) . Overall, individual characteristics played a smaller role in predicting the probability of gabapentin use (data not shown; see Appendix 2).
DISCUSSION
During the decade studied, gabapentin use for BPD in Florida increased significantly in tandem with its marketing towards psychiatrists. When new evidence showing gabapentin to be ineffective in treating BPD became available and the marketing was discontinued, the rapid growth of gabapentin use stopped while the level of its use remained constant. The PA policy was associated with a substantial decrease in the immediate use of gabapentin but a more limited effect on the trend of gabapentin use in BPD. These results are not surprising. One would expect a restrictive policy's immediate impact to be more pronounced while the impact of literature and marketing would accumulate over time.
These findings raise 2 fundamental questions. First, in the absence of convincing evidence, why was there such a brisk uptake of gabapentin in treating BPD? Second, why did the high rate of gabapentin use persist even after the publication of 2 randomized trials showing it to be ineffective?
Past studies have shown a clear relationship between the promotion of drugs to physicians and a medications use. 36, 37 In the case of gabapentin, Florida physicians adopted this treatment quickly for BPD even though little research supported such use. This pattern is reflected in national data illustrating a similar uptake of gabapentin for multiple offlabel indications. 10 Two factors contributed to this pattern of diffusion: Warner-Lambert's active dissemination of information encouraging the use of gabapentin in BPD and the clinical context for the treatment of BPD.
Warner-Lambert's promotional efforts would not have succeeded without a reasonable clinical rationale for using gabapentin for BPD. Gabapentin was the first medication launched of a new generation of anticonvulsants. The previous generation included valproic acid and carbamazepine both of which demonstrated efficacy in treating bipolar mania in randomized, placebo-controlled trials 38, 39 and were accepted treatments for BPD in addition to lithium by 1994. These 3 medications required monitoring of blood levels, they could be poorly tolerated, and some patients displayed only a partial response. 40 -42 These limitations contributed to a precedent of off-label prescribing for BPD with 1st and 2nd generation antipsychotics and novel anticonvulsants. Further, multiple drugs released in the 1990s that were initially used off-label for BPD (eg, lamotrigine, olanzapine, quetiapine, and risperidone) later received FDA approval for at least one phase of BPD based on evidence of clinical efficacy. [43] [44] [45] [46] [47] Unlike its predecessors, gabapentin was easy to use. It required no blood monitoring and had few serious side effects. Physicians facing a complicated illness with limited FDAapproved treatment options may have found gabapentin an attractive alternative to the 3 agents in common use at the time of gabapentin's release. The result was a rapid increase in its market share.
The publication of 2 negative randomized controlled trials and the concurrent drop in marketing stopped the rapid growth of gabapentin but did little to reduce the immediate level of use. In fact, the number of filled prescriptions continued to rise-albeit more slowly-until 2002. Research shows that changing behavior through information alone has mixed results. On the one hand, active dissemination either through pharmaceutical detailing by sales representatives, FDA black box warnings, or strong media campaigns, can promote behavior change. 48, 49 Gabapentin's uptake reflects the success of such dissemination. On the other hand, the simple diffusion of guidelines or studies reported in scientific journals and at meetings take time. 50 In medicine, the volume of scientific publications makes synthesizing results difficult for physicians, and the diffusion of clinical guidelines has resulted in, at best, modest success. [51] [52] [53] [54] For gabapentin use in BPD, the 2 randomized, placebo-controlled trials were published in relatively obscure journals with limited circulation and reinforced in 2002 through the American Psychiatric Association's updated treatment guidelines. 43 These results likely contributed to the halt in the marketing of gabapentin towards psychiatrists. The combination of negative results and decline in marketing resulted in stopping the uptake of gabapentin with little change in the level of use raising questions about the short-term effectiveness of passive diffusion of information in altering physician-prescribing behavior. Unfortunately, since the publication of the negative trials and discontinued marketing of gabapentin occurred at a similar time-point, we are unable to examine the independent associations of these events with gabapentin prescribing.
Given the negative publicity around the litigation regarding the off-label use of gabapentin, the slow diffusion of the clinical results, and the increasing use of atypical antipsychotics and lamotrigine in BPD, the rate of gabapentin use would likely have decreased slowly even without the PA policy. The PA policy, however, had a large and immediate impact on gabapentin's use. Prior authorization policies and other payment policies are blunt tools and the consequences of limiting pharmacological treatments can be concerning. Psychiatric medications have often been excluded from PA policies because the wide variability in response to these medications requires multiple treatment options. 55 In the case of gabapentin, the PA policy appropriately stopped its use for BPD but may have interfered with its use for other indications for which there was stronger evidence.
There are several limitations in this study. First, claimsbased studies are limited by the absence of clinical detail. Second, we do not know the clinical rationales for gabapentin use at the patient level. There was a high rate of comorbidity in this population; possibly the clinical decision-making included treatment of comorbid conditions for which gabapentin is efficacious. For this reason, we controlled in the model for the comorbidities most likely to be treated with gabapentin. Third, the Verispan data were national and not specific to Florida. However, there is no reason to believe that Florida was immune from the national trends in promotional activities. In fact, Florida Medicaid presented evidence at the trial, suggesting that it was fully included in Parke-Davis's offlabel promotion of gabapentin. The Verispan data did not include journal ads and direct to consumer advertising (DTCA). Past research has shown that the amount spent on journal ads is small compared with other promotional activities. 56 Further, there was no DTCA for gabapentin use in BPD because the FDA only allows DTCA for FDA-approved indications. Next, Florida Medicaid does not identify in their claims data the type of physician prescribing gabapentin. To address this limitation, our cohort included only individuals who had bipolar diagnosed by a psychiatrist and we controlled in the model for whether or not an individual appeared to be in active treatment by a psychiatrist. Finally, we examined gabapentin use for BPD in a Medicaid population because Medicaid insures a high percentage of individuals with severe mental illness such as BPD. However, the generalizability of this study to a commercially-insured population may be limited. Understanding the factors driving the diffusion of pharmaceuticals and medical technologies may help promote more efficient health systems. The rise and fall of off-label gabapentin use in BPD in Florida illuminates the complex interplay of product promotion, scientific evidence, and PA policy in the clinical context of a challenging illness. Even in the absence of convincing evidence, the use of gabapentin for BPD was encouraged by an effective marketing campaign and a clinical precedent for using anticonvulsants in the treatment for BPD. The availability of new evidence and a discontinuation of marketing halted the aggressive growth of gabapentin for use in BPD in Florida while Florida's PA policy changed immediate levels of use. These results suggest that both information and policy are important means in altering physician-prescribing behavior. Information shapes growth trends and thus its effects grow larger over time. Policy has a larger immediate impact yet should remain limited to where there is clear evidence regarding effectiveness. Utilizing both methods will be important as we attempt to improve efficiency in our health system. 
